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An epitome 



(57) [Abstract] 

[Technical problem] It has four lens groups as a whole, and obtain small 4 group zoom lens which 
amended the aberration fluctuation accompanying variable power good. 

[Means for Solution] the 1st group of refractive power more negative than a body side to order, 
the 2nd group of positive refractive power, and the 3rd group of positive refractive power — and 
It has four lens groups of the 4th group of negative refractive power, and a gap of this 1st group 
and the 2nd group and a gap of this 2nd group and the 3rd group should increase on the 
occasion of variable power from a wide angle edge to a tele edge, and while each lens group 
moves on an optical axis so that a gap of this 3rd group and the 4th group may decrease, this 
2nd group and the 4th group should be moving in one. 
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[Claim(s)] 

[Claim 1] The 1st group of refractive power more negative than a body side to order, the 2nd 
group of positive refractive power, the 3rd group of positive refractive power, And have four lens 
groups of the 4th group of negative refractive power, and a gap of this 1 st group and the 2nd 
group and a gap of this 2nd group and the 3rd group increase on the occasion of variable power 
from a wide angle edge to a tele edge. A zoom lens characterized by this 2nd group and the 4th 
group moving in one while each lens group moves on an optical axis so that a gap of this 3rd 
group and the 4th group may decrease. 

[Claim 2] It is the zoom lens of claim 1 which said 4th group consists of a single negative lens 
which turned a concave surface to a body side, and is characterized by at least one lens side of 
this negative lens being the aspheric surface of a configuration where negative refractive power 
becomes weak as it goes to a lens periphery from a lens center. 

[Claim 3] Said 3rd group is the zoom lens of claim 1 characterized by having at least one 
aspheric surface. 

[Claim 4] Said 3rd group is the zoom lens of claim 1 characterized by having drawing which 
moves in one in connection with variable power. 

[Claim 5] A zoom lens of claim 4 characterized by moving said 3rd group and performing a focus. 

[Claim 6] A zoom lens of claim 1-5 characterized by the whole of the 4th group moving to a 
body side from said 1st group in the case of variable power from a wide angle edge to a tele 
edge given in any 1 term. 

[Claim 7] A zoom lens of claim 1-6 characterized by satisfying conditions which become 1.KM1- 
/M2<1.6 when movement magnitude of said 1st group and 2nd group is respectively set to M1 
and M2 on the occasion of variable power from a wide angle edge to a tele edge given in any 1 
term. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the zoom lens excellent 
in the portability aiming at shortening of a lens overall length (distance from the 1st lens side to 
the image surface) while attaining extensive field angle-ization of a photography field angle 
especially about the zoom lens of an extensive field angle by the suitable small high variable 
power for a lens shutter camera, a video camera, etc. 
[0002] 

[Description of the Prior Art] In the lens shutter camera, the video camera, etc., the small zoom 
lens with a short lens overall length is demanded with the miniaturization of a camera recently. 
[0003] The taking lens with which the miniaturization of a **** camera is progressing and 
especially a lens shutter camera is equipped in it by development of circumference technology, 
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such as an electrical circuit for a zoom drive, etc. is also high variable power, and the compact 
zoom lens is demanded. 

[0004] Conventionally, the so-called 2 group zoom lens which consists of two lens groups, 
positive and negative refractive power, as a zoom lens for lens shutters was in use. since this 2 
group zoom lens has a lens configuration and the simple migration device at the time of variable 
power — the miniaturization of a camera — and it is low cost comparatively — etc. — there is 
an advantage. 

[0005] However, in order to have to perform a variable power operation only by one lens group, 
the variable power ratio is about 1.6 to 2 times, and it becomes difficult to maintain high optical- 
character ability at the same time expanding a variable power ratio by force causes enlargement 
of a lens system. 

[0006] The 1st group is divided into two lens groups of positive refractive power on the basis of 
2 group zoom lens, and 3 group zoom lens which aimed at high variable power-ization as 3 group 
configurations of positive, positive, and negative refractive power as a whole is proposed by 
JP.3-282409A JP,4-37810,A, JP,4-7651 1.A, etc. 

[0007] however, this lens group configuration — for example, the half-field angle of 35 degrees 
or more — extensive — if it is going to attain a field angle zoom lens system, change of the 
entrance pupil location at the time of variable power will become large. For this reason, in case 
high variable power-ization is attained, it becomes very difficult to suppress the aberration 
fluctuation by variable power. 

[0008] In addition, by multi-lens grouping, the half-field angle of a wide angle edge is made into 
about 38 degrees, a variable power ratio is made into about 3.5 times, and the zoom lens which 
attained formation of an extensive field angle and high variable power-ization is proposed by 
JP,2-7231 6,A and JP,3-24961 4,A. 

[0009] However, both these zoom lens systems have front **** and a large-sized lens overall 
length, and are not necessarily enough as a taking lens of a compact camera. 
[0010] In case it applies to the camera which uses especially an external finder, there is a 
trouble that a lens barrel will cover the photography visual field of a finder, at the time of a wide 
angle edge. Moreover, as a result, the trouble of giving finder arrangement and a limit of the 
gestalt of a camera is also produced. 

[001 1] Moreover, it consists of four lens groups of negative, positive, and positive and negative 
refractive power sequentially from a body side, and 4 group zoom lens of a high variable power 
ratio is comparatively proposed by JP.4-237009.A with the extensive field angle. However, this 4 
group zoom lens had much lens number of sheets, and had the orientation for front **** to 
increase. 

[0012] Moreover, although 4 group zoom lens proposed by JP, 64-1 561 0,A had the 3-about 

variable power ratio, a photography field angle was not necessarily enough. 

[0013] 

[Problem(s) to be Solved by the Invention] High variable power-ization is attained, the movement 
magnitude of each lens group for obtaining a predetermined variable power ratio decreasing, and 
attaining shortening of a lens overall length, if the refractive power of each lens group is 
generally strengthened in a zoom lens. However, if the refractive power of each lens group is 
only strengthened, in case the aberration fluctuation accompanying variable power will become 
large and raise in variable power and extensive field angle-ization will be attained especially, the 
trouble that it becomes difficult to obtain optical-character ability with a good rear spring 
supporter is in all variable power ranges. 

[0014] constituting this invention from four lens groups as a whole, and setting up appropriately 
migration conditions, refractive power, etc. of each lens group in variable power — the 
photography field angle of a wide angle edge — about 70 degrees and a variable power ratio — 
all the variable power ranges that are about 3.0 — a rear spring supporter — it aims at offer of a 
zoom lens with high optical-character ability. 
[0015] 

[Means for Solving the Problem] The 1st group of refractive power more negative than a body 
side to order in a zoom lens of this invention, the 2nd group of positive refractive power, It has 
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four lens groups of the 3rd group of positive refractive power, and the 4th group of negative 
refractive power. On the occasion of variable power from a wide angle edge to a tele edge, a gap 
of this 1st group and the 2nd group and a gap of this 2nd group and the 3rd group increase, and 
while each lens group moves on an optical axis so that a gap of this 3rd group and the 4th group 
may decrease, this 2nd group and the 4th group are characterized by moving in one. 
[0016] 

[Embodiment of the Invention] Drawin g 1 - drawin g 3 are the lens cross sections of the 
numerical examples 1-3 of this invention respectively. In drawing 1 - drawing 3 , in (A), a wide 
angle edge and (B) show middle, and (C) shows the tele edge. Drawing 4 - drawin g 6 are [ many 
aberration drawings of the numerical example 2 of this invention, drawin g 10 - drawing 12 of 
many aberration drawings of the numerical example 1 of this invention, drawing 7 - drawing 9 ] 
many aberration drawings of the numerical example 3 of this invention. 
[0017] The 1st group of refractive power negative in L1, the 2nd group of refractive power 
positive in L2, the 3rd group of refractive power positive in L3, and L4 are the 4th group of 
negative refractive power among drawing. An arrow head shows the migration direction of each 
lens group at the time of performing variable power from a wide angle side to a looking-far side. 
SP extracts and IP is the image surface. 

[0018] With this operation gestalt, on the occasion of the variable power from a wide angle edge 
to a tele edge, the gap of the 1 st group and the 2nd group and the gap of the 2nd group and the 
3rd group increase, and each lens group is moved to the optical-axis up body side so that the 
gap of the 3rd group and the 4th group may decrease. The miniaturization of the whole lens 
system is in drawing, this attaining effectively a predetermined variable power ratio and extensive 
field angle-ization. 

[0019] This invention constitutes the 1st group L1 of especially negative refractive power from 
two lenses of the negative lens with which both the lens side turned the concave surface to the 
convex positive lens and body side in order from a body side. The 2nd group L2 of positive 
refractive power is constituted from one lens of the positive lens of the shape of a meniscus 
which turned the convex to the body side. Meniscus-like the negative lens and both the lens 
side which turned the convex to the image surface side constitute the 3rd group L3 of positive 
refractive power from two lenses of a convex positive lens, and the 4th group L4 of negative 
refractive power consists of one lens of the negative lens of the shape of a meniscus which 
turned the convex to the image surface side. This securing a predetermined variable power ratio, 
the aberration fluctuation accompanying variable power was amended good, and high optical- 
character ability has been obtained over all variable power ranges. 

[0020] Moreover, said 4th group consisted of the single negative lens which turned the concave 
surface to the body side, and at least one lens side of this negative lens was constituted from 
the aspheric surface of a configuration where negative refractive power becomes weak as it 
went to the lens periphery from the lens center, it amended the aberration fluctuation 
accompanying variable power, and has amended aberration outside a shaft, such as a curvature 
of field and distortion aberration, good especially. He is trying for **** 3 group to have at least 
one aspheric surface. This has amended the aberration fluctuation in the case of variable power 
and a focus good. 

[0021] Drawing SP made it move in one with the 3rd group in connection with variable power, 
and has prevented increase of the lens outer diameter of each lens group. **** 3 group is 
moved, a focus is performed and aberration fluctuation in the case of a focus is lessened. 
[0022] In the case of the variable power from a wide angle edge to a tele edge, as the whole of 
the 4th group moves to a body side from said 1st group, shortening of the lens overall length in a 
wide angle edge is attained, and the miniaturization of the whole camera at the time of un-using 
it is in drawing. 

[0023] When movement magnitude of said 1st group and 2nd group is respectively set to M1 and 
M2 on the occasion of the variable power from a wide angle edge to a tele edge, it is 
1.1<M1/M2<1.6 (1) 

He is trying to satisfy the becoming conditions. 

[0024] Conditional expression (1) is a thing for amending a curvature of field good, mainly 
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attaining shortening of a lens overall length about the ratio of the movement magnitude of the 
1 st group accompanying variable power, and the 2nd group. If the movement magnitude of the 
1st group increases compared with the 2nd group exceeding the upper limit of conditional 
expression (1), since the lens overall length in a tele edge will become long, it is not good. 
[0025] Moreover, if the movement magnitude of the 1st group decreases exceeding the lower 
limit of conditional expression (1), it will become difficult to amend the aberration fluctuation 
accompanying variable power, especially fluctuation of the chromatic aberration of magnification 
good. 

[0026] In addition, it is the numerical range of conditional expression (1) still more preferably 

1.2<M1/M2<1.4 (1a) 

** — it is good to set up like. 

[0027] Next, the numerical example of this invention is shown, a numerical example — setting — 
Ri — a body side — the i-th lens thickness and an air gap, nickel, and nui are the radius of 
curvatures of the i-th lens side, and Di is the refractive index and the Abbe number of glass of 
the i-th lens in order from an each body side in a body side. Moreover, an aspheric surface 
configuration is [0028], when the radius of curvature of the core of a lens side was set to R, the 
X-axis was set as the direction of an optical axis (travelling direction of light), a Y-axis is set as 
an optical axis and a perpendicular direction and B, C, D, and E are respectively made into an 
aspheric surface coefficient. 
[Equation 1] 



(1/R) Y 2 



+ BY 4 + CY 6 +DY 8 +EY 10 



X = 




It expresses with the becoming formula. Moreover, "e-X" means "x10-X. 
[0029] 
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[0032] 

[Effect of the Invention] according to this invention, constituting from four lens groups as a 
whole, and setting up appropriately migration conditions, refractive power, etc. of each lens group 
in variable power as mentioned above, — the photography field angle of a wide angle edge — 
about 70 degrees and a variable power ratio — all the variable power ranges that are about 3.0 - 
- a rear spring supporter — a zoom lens with high optical-character ability can be attained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The lens cross section of the numerical example 1 of this invention 
[Drawing 2] The lens cross section of the numerical example 2 of this invention 
[Drawing 3] The lens cross section of the numerical example 3 of this invention 
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[Drawing 4] Aberration drawing of the wide angle edge of the numerical example 1 of this 
invention 

[Drawin g 5] Middle aberration drawing of the numerical example 1 of this invention 
[ Drawin g 6] Aberration drawing of the tele edge of the numerical example 1 of this invention 
[ Drawin g 7] Aberration drawing of the wide angle edge of the numerical example 2 of this 
invention 

[ Drawin g 8] Middle aberration drawing of the numerical example 2 of this invention 
[Drawing 9] Aberration drawing of the tele edge of the numerical example 2 of this invention 
[Drawing 10] Aberration drawing of the wide angle edge of the numerical example 3 of this 
invention 

[Drawing 1 1] Middle aberration drawing of the numerical example 3 of this invention 

[ Drawin g 1 2 ] Aberration drawing of the tele edge of the numerical example 3 of this invention 

[Description of Notations] 

L1 The 1 st group 

L2 The 2nd group 

L3 The 3rd group 

L4 The 4th group 

SP Drawing 

IP Image surface 

d d line 

g g line 

S Sagittal image surface 
M Meridional image surface 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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[Drawin g 8] 
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[Drawing 9] 
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[ Drawing 10] 
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[Drawing 1 1 ] 
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[Drawing 12] 
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